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ABSTRACT OF DTSCTflBORB 
Sulfide ores or those containing carbonaceous 
material are reacted with chlorine dioxide to release a 
metal, particularly gold, therefrom for recovery. 
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The embodiments of the invention in which an exclusive 
property or privilege is claimed are defined as follows: 

cart,/' * * eth0d ^ t^ " tln, SUlfWe ° te8 6r or "» confining 
carbonaceou, material. for the recovering of a metal th.ref«Z 
comprising reacting the ore with chlorine dioxide that ^ f te 
release the metal. Y to 

2. The method of Claim 1, wherein the chlorine dioxide is 
in a water solution further comprising grinding the or. and 
mixing it with water to for. the .lurry, and wherein the 
reacting step comprises mixing the slurry with the chlorine 
dioxide solution. 

3. The method of Claim 2, wherein the ore i. ground to an 
average size of 100-400 mesh and the water slurry is form* by 
mixing water with 10-65% by weight of the ground ore; and the 
chlorine dioxide water solution is formed by dissolving at 
least 0.05% by weight chlorine dioxide in water. 

*' The method of claim 3, wherein at least 1 kg of 
chlorine dioxide per metric ton of ore in the slurry is 
reacted with the slurry. 

5. The method of Claim 1, further comprising recovering 
the released metal. 

6. The method of Claim 5, wherein the recovering of the 
released metal comprises eolubilising the metal and dissolving 
it into solution, and thereafter separating the metal from the 
solution. 

7. The method of claim «, wherein the chlorine dioxide 
solubilizes the metal. 



8. The method of Claim 7, wherein the metal is gold. 
13 
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*. The method of Claia 1, wherein th. chlorine dioxide 1, 
in e water solution, further conprising crushing the ore end 
Piling it into a heap; and wherein the reacting step comprises 
percolating the chlorine dioxide solution through the heap. 

10. The method of Claia 9, wherein the ore is crushed to 
about 1/4 inch - 6 inches. 



11. The aethod of claim 9, wherein the aetal is 
solubilized by chlorine dioxide solution, further comprising 
collecting the solution percolated through the heap and 
recovering dissolved aetal therefrom. 



12. The aethod of Claia U, wherein the aetal is gold. 

13. A heap leach aethod for treating ores for recovering 
of aetals, wherein the ore is crushed and piled in a prepared 
surface, and wherein a leaching agent is percolated through the 
pile and collected for recovery of the aetals dissolved therein 
the iaproveaent wherein sulfide ores as well as oxide ores can 
be treated and comprising using as the leaching agent a 
solution of chlorine dioxide. 

14. A aethod of leaching a aetal comprising reacting the 
aetal with chlorine dioxide, in water solution. 

13. The aethod of claia X4, wherein the aetal is 
contained in an ore, conprising crushing or grinding the ore 
and contacting the ore with chlorine dioxide, in water 
solution. 

1«. The aethod of Claia 15, wherein the chlorine dioxide 
is dissolved in water at a rate of at lease 0.05% ohlorine 
dioxide by weight, and thereafter the ohlorine dioxide solution 
is reacted with the ore. 
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> TOR GOLD RECOVERY USING CHLORIKE DIOXIDE 

BftSKBBBBBB °» THE i xvmrrrrw 



io 
n 

« silver 



Th# P re »* nt invention 1. directed to th. recovery of gold 
ri 0th * r OXldlMbl * » et » l » naturally occurring 

13 sulfide and oxide ores. The present invention i. particularly 

14 useful in ore* containing refractory sulfides, carbonaceous 



matter, or which are difficult to process by the methods of 



15 

16 prior art 



The present invention replaces the current practice of 
using sodium cyanide solutions with m ecologically and 
economically sore advantageous method. 

23 Although the present invention is expected to have wide 

23 epplicability in the processing of .etal ores in view of its 

34 ecological and eoonoaic advantages, initially it is expected to 

29 have greatest impact on the way refractory sulfide-containing 

28 ores are processed for recovery of gold and silver. 

27 furthermore, it is easily envisioned that the current invention 

28 can be used to treat ores containing oxldisable or oarboneous 

29 impurities that interfere with the current practice of leaching 

30 with a sodium cyanide solution. These are primarily oxide 

31 ores. 
32 

33 current preotioe in the mining industry for the 

34 extraction of gold and silver from refractory sulfide ores ie a 

35 two step process. The first stsp uses thermal roasting, 
3« pressure oxidation, or bacterial oxidation to chemically break 

37 down the sulfidss in ground ore slurry* and concentrates. This 

38 pretreatment step oxidises sulfide impurities to sulfur 
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31 



dioxide and/or sulfate, exposing the aieroscopie -old 
particle, for the cyanide leach step that follows. when 
thermal roasting or pressure oxidation is used, the reaction is 
generally stolchiosetric for the sulfide ispurities in the ore. 
Chlorination is coasonly used in current praotice to reaove 
carbonaceous impurities from oxide ores. The usage of 
is sufficient to reaove most, or all, of the 
i impurities. 



8 

9 

10 The second step, leaching the pretreated ore with a dilute 

11 sodium cyanide solution, converts the gold into a soluble gold 

12 cyanide complex from which it can be recovered by any one of a 

13 number of commercially practiced processes including 

14 preoipitet ion, carbon adsorption, and electrowinning. 
15 

16 in one embodiment of prior art, a sulfide ore slurry is 

17 placed in a large autoclave where steam, oxygen, and soaetiaos 

18 sulfuric acid is forced through the ore to oxidise sulfide 

19 impurities. This method called "pressure oxidation- nay 

20 require several hours of processing time. The oxidation 
pretreatment is followed by neutralisation with lime, then by 
addition of a basic solution of sodium cyanide as the primary 
leeching agent. The resulting soluble gold cyanide complex la 
treated by carbon adsorption, precipitation, or electrowinning 
for gold and silver recovery. This method does not release the 

26 copper, antimony, and base metals that may be present. 
27 

28 in a modification of this method, oxide ore containing 

29 little or no sulfide Impurity is piled in e mound ("heap") up 

30 to 200 feat high, in an area which can be many acres in site. 

31 Sodium cyanide solution is then distributed evenly over the 

32 heap during a period of weeks to souths from sprinklers or 

33 emitters, not unlike lawn sprinklers or emitters. The sodium 

34 cyanide solution percolates down through the heap, dissolving 
38 the gold as a gold cyanide coaplex, and is collected in usually 
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l open lined pond.. Gold i. then recovered by the u«u.l 

a proa..... di.cu.sod abov.. Thi. M thod i. called a "heat, 

3 leach- proo.... Although it i. «n economical on-step Aching 

4 proceee Cor oxide or.., th. opon cyanide pond, involv. a degree 

5 of anvironaantal and ecological riak. 
6 

7 With th. changing view conoaming ecology, the degrae of 

8 ri.x in prior art methods can be unaccaptabl. especially in 

9 .cologioally Mitaltiv. ar«a.. That is, th. u .a of pressure 

10 oxidation or tbaraal roasting followed by a cyanide leach 

11 method i. considered to be disadvantageous because of th. ri.lt 

12 of cyanide aont.ain.tion and sulfur dioxide emissions. 

13 Furthermore, froa an aoonoaie point of vim, it is difficult to 

14 attain a high recovery of th. gold (which is entrapped uaually 

15 in th. form of aieroscopio particle.) froa raf rectory sulfide 
Id or*. u.ing current technology. Often, recoveries of 70 to 80% 
17 are considered exo.ll.nt, ••peci.lly for low quality refractory 
Id sulfide ores. Many low ouallty orea, sulfide and oxide ore. 
19 included, cannot be econoaioally processed at such low recovery 
30 level., coupled with the difficulties of treating or disposing 
at of cyanide containing tailings, especially in ecologically 
33 sensitive areas, it ii dear that new aethods of gold recovery 
33 are de.irable to replace the known cyanide method. 

34 

as one embodiment of th* present invention use. a one-step 

36 leaching process employing chlorine dioxide to free the 

37 entrapped gold, silver, and other metals, and coaplax the 
3d aetals into solution. It can be practiced in relatively small 
39 plant, using static aixers, agitated tanks, or, possibly, vat 

30 or heap leach aethoda. Gold is converted into a soluble gold 

31 chloride complex which can be recovered using ion exchange 
33 reain, preoipitation, oleotrowinnlng, or other aethoda for the 
33 removal of water and salting out of gold. 

34 
35 
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Although an exhaustive study ha. not fan >ad« to f„ Uy 
character!,, the mannar In which the praaant invention^ 
operate, it i. believed that the chlorine dioxide attack. Z 
sulfide ore stress fractures and fissure, to break th. sulfide 
structure into mall and possibly colloidal size particles 
This action releasaa ■icroscopic particles of gold which are 
antrapped within the sulfide structure for further reaction 
with chlorine dioxide to for. a aoluble gold chloride complex 
other, less noble .etals such as copper, antimony, and other 
base .etals contained in the ore for. soluble chlorides. 

The only M tel recovery process of which applicants are 
aware which uses chlorine dioxide is a process for vanadium 
recovery described in British Patent Application CB 215S917 
me method described therein involves the removal and recovery 
of vanadium, from a vanadium bearing material, using a caustic 
solution aa the leaching agent. thie ie ba.ie.lly different 
from the present invention which uses chlorine dioxide as a 
leaching agent. 

To enhance the leaching process, the British patent 
application teaches the use of a •leaching promoter" in the 
OBumtic leaching solution. The leaching promoter is .sleeted 
fro» the group consisting of an ionic form of vanadium; 
hypochlorites of sodium, calcium and potassium i peroxides; 
chlorine dioxide and mixture, thereof. By contrast, as will be 
discussed below, the present invention involves contacting the 
ore with a chlorine dioxide solution to free gold and silver 
fro* a sulfide or oxide ore matrix and to oxidise gold and 
silver to e soluble oxidation state. The result is a solution 
which 1. neutral or acidie. The chlorine dioxide le the 
leaching agent. A caustic leaching agent is not used. Thus, 
the process is substantially different in principle of 
operation aa well as in practice. 
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* A first embodiment of the pmuft invention i. « one-step 

4 process for treating ores for the recovery of Betels which can 

5 be leached with chlorine dioxide, m particular, the present 

6 invention provides a aethed for recovering gold and silver from 

7 ores containing carbonaceous materials and from sulfide ores 

8 in particular the invention can be applied to low quality,' 

9 refractory sulfide ores without the need for pretreatment, or 
10 the use of ecologically undesirable cyanide. 

11 

12 As will be evident froa the detailed description, the 

13 first embodiment of the present invention is useful for 

14 leaching a variety of metals which are Bolubilized with 

15 chlorine dioxide. In addition chlorine dioxide is also highly 
1« effective for releasing aetals froa sulfide ores in general 

17 * 

18 in accordance with the present invention, the ores ere 
18 crushed or ground, and in one embodiment, a slurry in water is 
20 formed fro* the ores. Chlorine dioxide, normally in aqueous 

31 solution, is then passed through the ore slurry in s reaction 

22 which appears to. be complete in less than thirty minutes at 

23 room temperature. . The gold (and other metals) , now in the form 

24 of a soluble gold chloride complex, can be eeparated from the 
28 spent ore slurry by deeantatlon or other known mechanical 

26 processes. in another embedimtnt chlorine gas is passed 

27 through the solubls gold chloride solution to maintain an 

28 acidic solution and reduce the usage of chlorine dioxide which 

29 is more expensive. This practice can also contribute to high 

30 gold recovery values. 
31 

32 The motel is then recovered from solution by a known 

33 method such as ion exchange, carbon adsorption, electrowinning 

34 or precipitation. 
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1 Because of th. high eff ioiency with which chlorine dioxide 

2 brea*. th. sulfide matrix, it can be used to advantage^ 

3 releasing msta 1. other than gold and silver. A bred rang* ot 

4 metals can be released by chlorine dioxide for recovery by 

5 otter methods. This single .tap process oan alao ba applied to 
« haap leach operation* by substituting chlorine dloieida eolation 
7 for the present practice of using sodius cyanide solution. 

* As compared with the prior art method of treating 

10 refractory sulfide ores to release gold and solubllite it for 

11 recovery, the present invention results in consistently high 

12 yields. More importantly, the present invention ie a single 

13 step process while the prior art requires a pretreatmant step 

14 followed by a cyanide step in order to solubilize the gold. 

18 

« The prior art single step, heap leach process involves 

17 large piles of ore ever which cyanide solution is sprayed or 

18 emitted under ecologically difficult conditions and is not 
successful with refractory sulfide ores. The present invention 
does not use cyanide and is therefore ecologically preferable: 
chlorine dioxide has a history of usefulness for treatment of 
municipal water supplies and has been found ecologically safe. 



19 

20 
21 
22 
33 

24 From an economic point of view, the present invention can 

28 provide high processing efficiencies with relatively small 
plants because of the short ore contact time required, 
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27 eliminate the environmental and ecological risje associated with 

28 cyanide containing ponds and tailings piles. 
29 

30 lMffaTTim IHMCTTPTTfiW OF TH* flnMJJflU 

31 The present invention has application in the recovery of 

32 gold, silver, end other motels forming soluble chlorides from 

33 high sulfide, ores. It also has applicability for recovering 

34 other metals from orss where the cyanide process or other 
39 prooess using ecologically unacceptable agents ere now 



1 practiced . Furth.raore, it can be u..d to release M t.l. froB 

a ore. to increase recovery yield, of metals in proc..« wherein 

3 chlorine dioxide is not presently used as the leaching agent. 

3 By vay of example, tha processing of gold ore win be 

« described in detail. 

7 

• Preparatory to the recovery of metals in ores, it is usual 

» to crush or to grind the oras for handling ease and to expose 

10 the setals. Thus, depending on the process to be applied, era 

11 is crushed or is further processed by grinding. 
12 

13 Typical ore crushing equipment now used in treating ores, 

14 can crush ore down to about 1/4 inch pieces although nuch 

15 larger pieces are usual. Crushed ore is used for heap leaching 

16 processes where rapid reaction or leaching tines are not an 

17 important factor. Heap leaching processes, by their nature, 
is can tolerate a wide range of ore sises. However, the larger 

19 the average size, the longer the leaching time required. 

20 . : 

21 Furthermore, the usual heap leaching processes, which do 
, 22 not use a pretreatment step to free setals from the ores, such 

23 as ohlorination, oxidation and/or roasting, cannot be 

24 successfully applied to refractory sulfide ores. 

.,• 29 ■ ■ ; : ■ 

2« Vat leaching processes can utilise a two step treatment 

27 and are applicable to refractory sulfide ores. For the vet- 

*• leach process where rapid reaction times are important, the ore 

29 must be ground. Typical grinding equipment now in use in the 

30 field will grind ore down to about 400 mesh sise. loo mesh to 

31 400 mesh grinding is normally accomplished without special 

32 procedures and this range la suitable for pumpable water 

33 slurrys. 
34 

35 

7 



The present invention leaching method can bo .ppli.4 
heap-leach or vat-leach analogous i 
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* The heap-leach Mthod can be essentially the sane as it Is 

5 now practiced. The improvement is to substitute a chlorino 

6 dioxide solution for the cyanide leaching solution normally 

7 used. por economic reasons, the chlorine dioxide solution, 

8 would normally be at the low end of useful concentration, 

9 normally o.oi* to l% and preferably 0.09% to 0.3%. 
10 

11 A vat-leach analogous process can be practiced in a vat or 

12 in flow mixers or other smaller sise equipment i 

13 huge piles used in heap-leaching). The 

14 equipment can be used as a 100 to 400 mesh slurry will react 

15 sufficiently quickly for commercial operations. Although 

16 grinding to a smaller sise is also suitable, the current cost 

17 of doing so does not provide any corresponding advantage. 
16 Grinding to a significantly larger sise than the loo meeh would 
19 also work* however, as the sise of the ore increases, the 

reaction time required for high gold recovery alee increases. 

21 With too large an ore sise it may not be possible to accomplish 

22 the high recovery rates, which are possible even with low 

23 quality eras liming the present invention. Higher 

24 concentrations of chlorine dioxide can be used and 
29 concentrations up to a saturated or supersaturated solution are 

26 contemplated. lower concentrations of chlorine dioxide can be 

27 used but reaction times will be slower. 

28 

29 A slurry may be formed by mixing the ground ore with 

30 water. Typically a 10% to 65% by weight slurry is used. 

31 Although higher solid concentrations can be used, pumping 

32 difficulties can be encountered. Using a slurry with much less 

33 than 10% solids results in dilution of the chlorine dioxide 

34 solution. 
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\ _ * B "* in Bcal * » tud1 "' ^ has bean found that tha 

2 reaction go.. ...antially to completion within about ona minute 
? or lea.. For commercial, large-aoal. proceeaing, it i. 
4 expected that raaction tine, of about 30 minutee or l«. win 

3 be used to inaure that all of the .lurry ha. had time to come 

6 in contact with the chlorine dioxide, except in heap leach 

7 operation, where the voluae of ore to be treated and larger 

8 ore piece, require longer tines. However, vat reactor, with 

9 residence tine, of lesa than 30 minute, are eaaily envi.ionad 

10 Static mixer, can be used to obtain the neceaaary contact 

11 between the ore and chlorine dioxide, although agitated mixing 

12 equipment normally available in cojna.rcial installations is 

13 suitable. The reaction will proceed even in a pipe through 

14 which the slurry is pumped. it i. only necessary that tha 

15 chlorine dioxide solution coma into intimate contact with the 

16 gold ore. 

17 After treatment with chlorine dioxide, tha water aolution 

38 of gold and silver chloride complex is separated from the .pent 
Is pre and the gold and silver is recovered therefrom. 

20 Ilectrovinning or other methods can be used, including 

21 precipitation and ion exchange. Xf recovery by ion-exohang. 

82 resin is contemplated, chlorine gas can be percolated, through 

83 the gold bearing solution to adjust the dH and extend tha 
34 useful life of the ion exchange resin. Recoveries of 7 o% to 

39 eo% are usual even with low quality ores. 
3* 

38 A vide variety of chlorine dioxide-generating processes 

29 may be employed in the present invention, one class of such 

30 processes is based on sodium chlorate, which is reacted with a 

31 reducing agent in the presence of a strong mineral add, such 
33 aa sulfuric acid, hydrochloric acid and phoaphoric acid. 

33 Another class of such procaases is based on sodium chlorite* 

34 which is reacted with oxidising agent and/or a atrong mineral 

35 acid, combinations of sodium chlorate and .odium chlorite also 
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aay be employed. 

flpseific exaaples of combinations of reactanta which aay 
ba aaployad ara (a) aodiu* chlorate, sodium chloride and 
sulfuric acid, (b) aodiua chlorate and hydrochloric acid, (c) 
sodium chlorate, aodiua chlorite, aodiua chlorida and aulfuric 
acid, (d) aodiua chlorate, aodiua chlorite and hydrochloric 
acid, (e) aodiua chlorate, sulphur dioxide and aulfuric acid, 
(f) aodiua chlorate, Methanol and aulfuric acid, (g) aodiua 
chlorite and chlorine, (h) aodiua chlorite and hydrochloric 
acid and/or sulfuric acid, (i) aodiua chlorite, oxidizing gaa 
and sulfuric acid, (j) aodiua chlorate, aodiua chloride, 
hydrogen peroxide and/or methanol and sulfuric acid, (k) 
aodiua chlorite, aodiua hypochlorite and hydrochloric acid 
and/or aulfuric add, and (1) aodiua chlorate, glucose and 
sulfuric add. Other suitable combinations of raactanta alao 
aay ba aaployad. 

According to the practice of the present invention, 
chlorine dioxide solution can be generated on-site by the 
process and apparatus described in Ohltaa States patent numbers 
4,292,293, "Chlorine Dioxide Generation Process*} 4,247,531, 
-Chlorine Dioxide Generation Apparatus and Process"; and 
4,990,057 "Process for the Generation of Chlorine dioxide", in 
general the precursor raactanta (chlorine and sodlua chlorite 
or aodiua hypochlorite, hydrochloric add, and sodlua chlorite) 
ara vacuum eduoted Into the generator reaction chamber where 
gaseous chlorine dioxide is foraed according to the following 
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The gaseous chlorine dioxide produoed herein la 
laaadiataly eduoted into a proceee water stream resulting in a 
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chlorine dioxide .omtion of up to 10 gm.. per U fr 
co»c.„tr.tion. Although . vide concentration rang! J 11 
u«*d, the preferred range of chlorine dioxide concentration tor 
the present Invention i. 0 .05% to the saturation point of 
chlorine dioxide in water. 



Bxa.pl. x. A high sulfide ore containing lo ga./M ton 
gold and recoverable quantities of .liver, platinua, copper 
and base metals in a matrix containing 5.5% s° as eulfides and 
0.5% C^MgCOj is treated with 5.5 Jcg/M ton chlorine dioxide for 
five ainute. contact time. The gold is recovered by ion 
exchange using Rohn * Haas Amberlite IRA-900C resin. Percent 
gold recovery by fire assay is 71%. 

Example 2. Same ore as in example x. treated with a. 5 
kg/K ton chlorine dioxide plus 1.75 kg/M ton chlorine for five 
minutes contact tins. The gold is recovered and analyzed as in 
example U gold recovery percentage is ««%. 

Bxaaple 3. same ore and condition, as example i. with 
thirty minutes of contact time. 93% gold recovery is attained. 

Example 4. An exlds ors containing less than 0.35% 8° as 
sulfides and 8 gms/M ton gold is treated with 2.5 kg/M ton 
chlorine dioxide and 1.75 kg/M ton chlorine for 30 minutes 
contact time. The gold is recovered by ion exchange using Roha 
« Haas Amberllte XKA-900C resin and analysed by fire assay. 
The geld recovery rate is 100%. 

Although the present invention appears similar to the 
pretreataent accomplished in the prior art, it is clear that 
there are significant differences both in principle and in 
practice. The most significant difference is, of course, that 
the prior art requires a cyanidisation step to solublllze the 
gold. This prior art second step must be accomplished in a 
11 
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basic .olution of approxinateiy pH u to avoid th. release of 
highly toxlo cyanide ,as. ° f 

Another difference is that, whan pretreatnent i. by 
themal roasting or praasure oxidation, tha reaction la 
atoichionetric for tha oonvaraion of aulfida to sulfate whereas 
tha present Invention, using chlorine dioxide, is not a 
Btolehioaatric reaction. In a heap leaching enbodinent, the 
use of chlorine dioxide provides high yields without the use of 
cyanide. Also, refractory sulfide ores can be successfully 
treated. 

The above ia illuatratlve of the preferred enbodinent of 
the present invention. Because of the value of gold, noat of 
the work done to date ia with gold and with silver which ia a 
usual precious natal in coexistence with gold, in tha ores 
nomally processed. However, ae is readily realised, the 
breaking of the aulfida ore aatrix to release netals can be 
used to release any netala contained therein, therefore, the 
use of ClOa to release netals froa sulfide ores ia not United 
to gold and silver netals. 

The present Invention, becauaa of its sound environnental 
and ecological basis, is a highly useful process for recovery 
of netals fron oxide or eulfide ores where present technology 
cannot be practiced because of environnental and legal 
reetrictions. 
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